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(54) INJECTOR

(67)  Afixation position of a movable core and a valve
element that sandwich central portions of plate springs
is assembled by laser welding in a normally closed injec-
tor in which plate springs disposed in a direction at a right

angle to a stroke direction support a valve element, and
a valve is kept closed by the spring load of a coil spring
along a stroke direction of the valve element.
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Description
BACKGROUND
Technical Field

[0001] The presentinvention relates to an electromag-
netically driven injector that injects fuel at a flow rate re-
quired by an engine, in particular, to a normally closed
injector that secures sealability for the time when a valve
is closed by a valve element of an on-off valve (fuel
amount adjusting valve) pushed against a valve seat by
the spring load of a coil spring.

Related Art

[0002] Electromagnetically driven injectors, in which
an on-off valve is opened by a movable core suctioned
by energizing and exciting an electromagnetic coil, have
been traditionally used. An electric signal for actuating
the on-off valve is set to be an actuating signal of approx-
imately 0.001 to 0.02 seconds. In order to accomplish an
object of accurately controlling fuel by repetition of such
a remarkably short actuation time, a fuel injecting valve
is required to have high responsiveness. In recent years,
extremely high durability has also been required owing
to the needs of users for high quality.

[0003] Examples of a valve spring for closing a valve
element of an injector include a valve spring having a coil
spring mounted into the space between a fixed core and
amovable core and that having a thin plate spring through
which fuel can pass. In the latter one, an outer peripheral
edge portion is fixed, and the movable core and the valve
element are attached to the displaceable center. An in-
jector that injects gas fuel such as compressed natural
gas (CNG) has no lubricant differently from an injector
that injects liquid fuel. A structure having a plate spring
that can be supported in a floating manner without a slid-
ing part and can be linearly moved is regarded to have
advantage in the durability and responsiveness.

[0004] Although the sealability for the time when a
valve is closed is secured by the spring load caused by
elastic repulsive force of the plate spring in the injector
in which a valve element is biased by the plate spring,
however, the reduction of the spring load accompanying
the decrease of the elastic repulsive force of the plate
spring due to, for example, deterioration over time of a
material of the plate spring causes insufficient sealability
of the on-off valve, which tends to cause a problem of
fuel leakage for the time when the valve is closed.
[0005] JP 2009-91998 A discloses an injector in which
a valve element can be kept closed for a long time by the
spring load of a valve spring. A coil spring is provided
along the stroke direction of the valve, and cooperation
of two springs, a plate spring and a coil spring, for the
time when the valve is closed keeps the valve closed.
[0006] In order to obtain the same engine output as an
injector that injects liquid fuel, an injector that injects gas
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fuel generally needs a fuel passage cross-sectional area
larger than the injector that injects liquid fuel, leading to
a larger displacement amount of the valve element. A
plate-spring structure inevitably increases an injector
main body in size owing to stress applied to the plate
spring. It is known that the increase in size can be pre-
vented without losing the advantage of the plate-spring
structure by supporting the valve element in the middle
of a floating on-off valve as disclosed in JP 2008-144693
A and using the coil spring as a return spring.

[0007] The injector as disclosed in JP 2008-144693 A
is as illustrated in FIG. 2. An injector 1a includes an elec-
tromagnetic coil 3a, a fixed core 11a, and a movable core
5a. A valve element 21a is provided below (on the down-
stream side of) the movable core 5a. One disc-shaped
plate spring 6a provided ata right angle to the valve stroke
direction supports these components. A coil spring 7a is
provided above the valve element 21a along the valve
stroke direction. The coil spring 7a is vertically disposed
in compression so as to bias the valve element 21a of
an on-off valve 2a in the valve closed direction.

[0008] Furthermore, the plate spring 6a is supported
at a right angle to a stroke of the valve element 21a by
the peripheral edge portion of the plate spring 6a is sand-
wiched and fixed between a nozzle 9a and a yoke 4a and
the central portion of the plate spring 6a is sandwiched
and fixed between the valve element 21a and a movable
core 5a.

[0009] Unfortunately, the traditional injector has diffi-
culty in mass production. The traditional injector has a
structure in which the plate spring 6a is sandwiched and
supported by performing screwing with an assembling
screw part at both the fixation positions 12a, which cor-
respond to an inner peripheral surface of the movable
core 5a and an outer peripheral surface of the valve el-
ement 21a. In order to perform accurate opening and
closing with high responsiveness and durability as an
injector having a valve element supported to a plunger,
individual components are required to have high preci-
sion, and precision is required also for assembling oper-
ation. Threading processing is needed to form the as-
sembling screw part. The processing takes time and ef-
fort, and chips are generated.

SUMMARY

[0010] The present invention is intended to solve the
above-described problems. An object of the present in-
vention is to make a normally closed injector that can be
easily assembled, can be manufactured in mass produc-
tion, is inexpensive, and can exhibit accurate opening
and closing operation. In the injector, a plate spring dis-
posed in a direction at a right angle to a stroke direction
supports a valve element, and a valve is kept closed by
the spring load of a coil spring along a stroke direction
of the valve element.

[0011] In an electromagnetically driven injector of the
presentinvention, in which, when an electromagnetic coil
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is not energized, a valve closed state is maintained by a
valve element normally biased in a valve closed direction
by cooperation of a coil spring and a plate spring, and
when an electromagnetic coil is energized, a valve is
opened by a movable core attracted to a doughnut-
shaped fixed core, the valve element attached to the mov-
able core disposed so as to be attracted to the fixed core
disposed on a center of the electromagnetic coil being
disposed along a stroke direction in the coil spring, the
plate spring being provided at a right angle to the stroke
direction of the valve element, a central portion of the
plate spring being fixed at a fixation position while sand-
wiched between the valve element and the movable core,
both of the valve element and the movable core being in
contact with the fixation position, a peripheral edge por-
tion of the plate spring being fixed while sandwiched on
a nozzle side, the fixation position of the movable core
and the valve element that sandwich the central portion
of the plate spring is assembled by laser welding.
[0012] In addition, in the present invention, the coil
spring is laid between the fixed core and the valve ele-
ment, and a seat surface of the valve element for the coil
spring is formed at a position where the welded position
is not put. There is no need to worry about deformation
of the seat surface for the coil spring caused by the laser
welding.

[0013] According to the present invention, a normally
closed injector thatcan be easily assembled, can be man-
ufactured in mass production, is inexpensive, and can
exhibit accurate opening and closing operation can be
provided.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

FIG. 1 is a view of a vertical cross-sectional portion
illustrating an injector, with a valve closed, according
to an embodiment of the present invention; and
FIG. 2 is a view of a vertical cross-sectional portion
illustrating an injector, with a valve closed, according
to an embodiment of a traditional example.

DETAILED DESCRIPTION

[0015] A preferred embodiment of the present inven-
tion will be described in detail below with reference to the
drawings.

[0016] FIG. 1 schematically illustrates a vertical cross-
sectional portion centering on an on-off valve 2 of an
electromagnetically driven injector 1. The on-off valve 2
includes a valve element 21 and a valve seat 22. The
injector 1 supplies fuel to a gas engine for carrying out a
preferred embodiment of the present invention. The in-
jector 1 includes an electromagnetic coil 3, a lower plate
4,and amovable core 5. The valve element 21 is provided
below (on the downstream side of) the movable core 5.
A pair of disc-shaped plate springs 6, 6 provided at a
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right angle to the valve stroke direction support these
components.

[0017] In addition, central portions 61 of the plate
springs 6, 6 in the present embodiment are fixed, via a
columnar inner collar 8 disposed on the outer periphery
of the valve element 21, by being sandwiched between
the valve element 21 and the movable core 5 attached
to the valve element 21. A nozzle 9 and a hollow circular-
plate-shaped outer collar 10 disposed along the inner
periphery of the nozzle 9 support an outer peripheral
edge 62 in a direction at a right angle to a stroke of the
valve element 21. In particular, the inner collar 8 and the
outer collar 10 are juxtaposed at the same height and at
a predetermined distance to each other.

[0018] In particular, in the present embodiment, in or-
der to support the central portions 61, 61 of the plate
springs 6, 6 to the valve element 21, the movable core 5
is attached and assembled to the valve element 21 by
laser welding at a fixation position 12 with which both of
the central portions 61, 61 and the valve element 21 are
in contact.

[0019] Inaddition, a coil spring 7 is provided above the
valve element 21 along the valve stroke direction. The
coil spring 7 is vertically disposed in compression so as
to bias the valve element 21 of the on-off valve 2 in the
valve closed direction. In particular, in the present em-
bodiment, a seat surface 13 of the valve element 21 for
the coil spring 7 is formed at a position where the welded
fixation position 12 is not put. There is no need to worry
about deformation of the seat surface 13 for the coil
spring 7 caused by the laser welding.

[0020] The injector with the above-described configu-
ration of the present embodiment opens the on-off valve
2 against biasing force of the coil spring 7 and the plate
springs 6, 6 by generating magnetic force on a fixed core
11 by energizing and exciting the electromagnetic coil 3
to suction the movable core 5, which is a magnetic sub-
stance. The injector of the embodiment can perform ac-
curate opening and closing with high responsiveness and
durability required for injectors.

[0021] In particular, in the present embodiment, in or-
der to support the central portions 61, 61 of the plate
springs 6, 6 to the valve element 21, the movable core 5
is attached and assembled to the valve element 21 by
laser welding at a fixation position 12 with which both of
the central portions 61, 61 and the valve element 21 are
in contact. Threading processing is thus unnecessary in
contrast to attachment with a traditional assembling
screw part. The unnecessity promotes labor-saving in a
manufacturing process, and makes chip disposal unnec-
essary, leading to easy mass production. In addition, a
remarkably-high-precision part is not necessary. The in-
jector of the present embodiment can be inexpensively
provided, and has economical advantage.

[0022] In the present embodiment, the structure, in
which the two plate springs 6, 6 disposed at a predeter-
mined distance support a valve element, is adopted. The
structure is different from a plate-spring structure in which
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one plate spring supports the traditional valve element
only at one point on a central portion. Also, in the tradi-
tional example in FIG. 2, similar action/effect can be ex-
hibited by attaching and assembling the movable core 5
to the valve element 21 by using a laser welding unit 5
instead of the assembling screw part at a portion of a
fixation position 12a. When a plurality of plate springs 6
is used, operation is not destabilized by various distur-
bances, a valve rubber 221 and a stop rubber 51 are not
worn unevenly at the time when the valve is opened or 70
closed, a displacement amount of the valve element 21
and stress applied to the plate springs 6, 6 are not in-
creased, the plate springs 6, 6 are not broken, and the

function of the injector 1 is not damaged.
15

Claims

1. An electromagnetically driven injector, wherein,
when an electromagnetic coil is not energized, a 20
valve closed state is maintained by a valve element
normally biased in a valve closed direction by coop-
eration of a coil spring and a plate spring, and when
an electromagnetic coil is energized, a valve is
opened by a movable core attracted to a doughnut- 25
shaped fixed core, the valve element attached to the
movable core disposed so as to be attracted to the
fixed core disposed on a center of the electromag-
netic coil being disposed along a stroke direction in
the coil spring, the plate spring being provided ata 30
right angle to the stroke direction of the valve ele-
ment, a central portion of the plate spring being fixed
at a fixation position while sandwiched between the
valve element and the movable core, both of the
valve element and the movable core being in contact 35
with the fixation position, a peripheral edge portion
of the plate spring being fixed while sandwiched on
a nozzle side,
wherein the fixation position of the movable core and
the valve element that sandwich the central portion 40
of the plate spring is assembled by laser welding.

2. The injector according to claim 1, wherein the coll
spring is laid between the fixed core and the valve
element, and a seat surface of the valve element for 45
the coil spring is formed at a position where the fix-
ation position is not put.
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